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Abstract
The purpose of this study was to establish the 
palaeoenvironmental conditions during the late 
Quaternary in Murchisonfjorden, Nordaustlandet, 
based on foraminiferal assemblage compositions, 
and to determine the onset and termination of 
the Weichselian glaciations. The foraminiferal 
assemblage compositions were studied in marine 
sediments from three different archives, from 
sections next to the present shoreline in the 
Bay of Isvika, from a core in the Bay of Isvika 
and from a core from Lake Einstaken. OSL and 
AMS 14C age determinations were performed on 
samples from the three archives, and the results 
show deposition of marine sediments during ice-
free periods of the Early Weichselian, the Middle 
Weichselian and the Late Weichselian, as well 
as during the Holocene in the investigated area. 
Marine sediments from the Early and Middle 
Weichselian were sampled from isostatically 
uplifted sections along the present shoreline.
Sediments from the transition from the Late 
Weichselian to early Holocene time intervals 
were found in the bottom of the core from 
Lake Einstaken. Holocene sediments were 
investigated in the sections and in the core from 
the Bay of Isvika. 
The marine sediments from the sections 
are comprised of  ve benthic foraminiferal 
assemblages. The Early Weichselian is 
represented by two foraminiferal assemblages, 
the Middle Weichselian, the early and the late 
Holocene each by one. All  ve foraminiferal 
assemblages were deposited in glacier-distal 
shallow-water environments, which had a 
connection to the open ocean. Changes in the 
composition of the assemblages can be ascribed 
to differences in the bottom-water currents and 
changes in the salinity. The Middle Weichselian 
assemblage is of special importance, because it is 
the  rst foraminiferal assemblage to be described 
from this time interval from Svalbard. 
Four benthic foraminiferal assemblages were 
deposited shortly before the marine to lacustrine 
transition at the boundary between the Late 
Weichselian and Holocene in Lake Einstaken. 
The foraminiferal assemblages show a change 
from a high-arctic, normal marine shallow-water 
environment to an even shallower environment 
with highly  uctuating salinity. 
The analyses of the core from 100 m water 
depth in the Bay of Isvika resulted in the 
determination of four foraminiferal assemblages. 
These indicated changes from a glacier-proximal 
environment during deglaciation, to a more 
glacier-distal environment during the Early 
Holocene. This was followed by a period with 
a marked  change to a considerably cooler 
environment and finally to a closed fjord 
environment in the middle and late Holocene 
times. 
Additional sedimentological analyses of the 
marine and glacially derived sediments from 
the uplifted sections, as well as observations of 
multiple striae on the bedrock, observations of 
deeply weathered bedrock and  ndings of tills 
interlayered with marine sediments complete the 
investigations in the study area. They indicate 
weak glacial erosion in the study area. 
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It can be concluded that marine deposition 
occurred in the investigated area during three 
time intervals in the Weichselian and during most 
of the Holocene. 
The foraminiferal assemblages in the 
Holocene are characterized by a transition 
from glacier-proximal to glacier-distal faunas. 
The palaeogeographical change from an open 
fjord to a closed fjord environment is a result 
of the isostatic uplift of the area after the LGM 
and is clearly re ected in the foraminiferal 
assemblages. Another in uencing factor on 
the foraminiferal assemblage composition are 
changes in the in ow of warmer Atlantic waters 
to the study area.
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1. Introduction
Geological research, including glaciology and 
morphology, on Svalbard dates back to the 19th 
century. First proposals on an extensive glacia-
tion of the Barents Sea during Weichselian time 
and glacier coverage over Nordaustlandet, Spits-
bergen, Barentsøya and Edgeøya date back to the 
1850s and the early 20th century (Nordenskiöld 
1863; De Geer 1896). These  rst observations 
give no indication of the number of potential 
glaciations. In later years, these early observa-
tions were supported by more detailed studies on 
geomorphology, Quaternary geology, sea  oor 
morphology and glaciology of the archipelago 
and the surrounding continental shelf (Grosswald 
1963; Schytt et al. 1968; Hoppe 1970; Salvigsen 
& Nydal 1981). 
In the past, several attempts have been made 
to reconstruct the ice sheet volumes and their 
extensions over Svalbard and the Barents-Kara 
Seas. The models used earth-rheology and nu-
merical ice sheet models to predict different sce-
narios for the Weichselian ice masses in the Eu-
rasian Arctic. The model predictions ranged from 
very thick and extensive ice sheets (Schytt et al. 
1968; Grosswald 1980; Denton & Hughes 1981; 
Peltier 1994) to thinner unconnected ice sheets, 
with local variations in the extension, and a re-
stricted ice cover over Spitsbergen, leaving the 
west coast free of ice (Salvigsen 1977; Salvigsen 
& Nydal 1981; Salvigsen & Österholm 1981; 
Boulton et al. 1982; Miller et al. 1989; Lambeck 
1995; Siegert & Dowdeswell 1995). 
However, not only the extension and vol-
ume of the ice sheets were under dispute but 
also the number and age of Weichselian glacia-
tions (Hebbeln 1992). Especially the existence, 
onset and duration of the Last Glacial Maxi-
mum (LGM) have been a main point of dispute. 
Troitzky (1967), Boulton (1979) and Boulton et 
al. (1982) argued in favour of a restricted Late 
Weichselian glaciation with glaciers not larger 
than at present, and instead supported a glacial 
re-advance between 11 000 years and 10 000 
years BP. Whereas, Landvik et al. (1987), Elver-
høi et al. (1993, 1995, 1998), Grosswald (1993, 
1998), Mangerud et al. (1992, 1998), Landvik et 
al. (1998, 2005) support a glaciation model for 
the Late Weichselian glaciation with the ice front 
situated along the shelf margin. Their assump-
tions are based on  ndings of moraines on the 
outer shelf, and on core data from the western 
shelf, as well as till deposits in Bellsund. 
On the basis of the investigations of a series 
of sites along the western coast of Spitsbergen 
(Brøggerhalvøya, Linnédalen, Linnéelva, Skilvi-
ka, Kongsøya and Kapp Ekholm), Mangerud et 
al. (1998) showed that the archipelago had been 
glaciated three times during the Weichselian. 
They published a glaciation curve for Svalbard 
and the Barents Sea, proposing that the glaciers 
on Svalbard were not much larger than at pre-
sent during the interstadials, and that the Bar-
ents Sea was probably free of ice. The ice-free 
phase after the Early Weichselian glaciation was 
denoted Phantomodden interstadial and the ice-
free phase after the Middle Weichselian glacia-
tion was named the Kapp Ekholm interstadial 
(Mangerud et al. 1998).
The late Quaternary in the European Arctic 
is characterized by three expansive glacial events 
which can be correlated to the Marine Isotope 
Stages (MIS) as follows: the Early Weichselian 
(MIS 5d), the Middle Weichselian (MIS 4) and 
the Late Weichselian (MIS 2) as has been shown 
in the extensive synthesis on late Quaternary ice 
sheet history of northern Eurasia by Svendsen et 
al. (2004). The Late Weichselian glaciation was 
the most extensive one, stretching from the Brit-
ish Isles at 10W onto the Russian mainland at 
120E and from the shelf north of Svalbard at 
90N onto the North European mainland at 50N. 
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In contrast, the Early Weichselian glaciation had 
the smallest areal coverage, with the main part 
covering the Barents and Kara Seas and with 
only restricted extension of the ice sheet onto 
Russian and Scandinavian mainlands (Svendsen 
et al. 2004). All three glaciations reached onto 
the shelf north of the Svalbard archipelago, and 
particularly the Late Weichselian glaciation left 
morphological evidence of the ice sheet extent 
in the form of glacial lineations on the bedrock 
and other glacially derived features on the sea 
 oor (Ottesen et al. 2007).
The dynamics of the Late Weichselian Ice 
Sheet were characterized by grounded stationary 
ice in vast inter-ice stream areas, and the main 
ice drainage occurred in fast ice streams along 
fjords and troughs (Landvik et al. 2005; Ottesen 
et al. 2007; Ottesen & Dowdeswell 2009). Due 
to the isostatic uplift of vast areas of shallow ma-
rine deposits after the LGM, these are now ac-
cessible in sections along the present day coast. 
The sections contain interlayered glacial and ma-
rine strata, which offer the opportunity of a close 
age control of the marine sediments and there-
fore also of the glacially derived sediments, with 
the possibility of additional palaeoenvironmental 
reconstruction of the marine phases (Mangerud 
et al. 1996).
As already mentioned, research on the geol-
ogy, including glaciology and geomorphology, 
of Nordaustlandet dates back to the middle of 
the 19th century, but the main starting point for 
investigations of glacial history, shore-line dis-
placement, lake studies, sedimentology, age de-
terminations and geomorphology on Nordaust-
landet was the International Geophysical Year 
(IGY) (1957/58), during which a research base 
(Kinnvika) was established on the northern side 
of Murchisonfjorden. 
Following the IGY, Blake (1961, 1962) per-
formed studies on raised beaches, and on the 
geomorphology and glacial geology in the Lady 
Franklinfjorden-Murchisonfjorden areas. 
Häggblom (1963) investigated a series of 
lake cores from the Murchisonfjorden area for 
their diatom and pollen content, which were sup-
plemented by observations by Hyvärinen (1969, 
1970) on early Holocene pollen, diatom and fora-
miniferal contents in lake sediments from Trull-
vatnet. The Quaternary geology of Brageneset 
was investigated by Donner and West (1957, 
1995). 
In addition, Österholm (1978, 1986, 1990) 
studied geomorphological features and the shore-
line displacement on Prins Oscars Land which 
are related to the movement of the Late Weich-
selian Ice Sheet over Nordaustlandet, as well as 
lake sediments and glacial striae, which are relat-
ed to the deglaciation of northern Nordaustlandet. 
More recent research on Nordaustlandet has 
concentrated on glaciological investigations such 
as the mass balance of the Vestfonna and Aust-
fonna ice caps (Bamber et al. 2004; Bevan et al. 
2005) or remote sensing of outlet glaciers and 
characterization of drainage basins (Dowdeswell 
1986 a, b). 
A lowering of the global sea level of around 
120 m compared to present levels occurred dur-
ing the LGM (Waelbroeck et al. 2002). This gla-
cio-eustatic lowering of the sea level was accom-
panied by glacio-isostatic depression of the Sval-
bard-Barents Sea area. Observations on raised 
shorelines from around the Svalbard archipel-
ago point to a constant uplift pattern through-
out the archipelago succeeding the disintegra-
tion of the Svalbard-Barents Sea Ice Sheet. The 
uplift rates were very high from around 13 000 
years BP to around 8 000 years BP (Blake 1961; 
Salvigsen 1981; Forman et al. 1987; Bondevik et 
al. 1995). This period was followed by a slow-
ing down of the uplift rates until around 6 000 
years BP (Salvigsen 1978, 1981; Forman et al. 
2004). During the mid-Holocene the eustatic sea 
level rise was higher than the isostatic recovery 
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of the Svalbard archipelago which resulted in 
a transgression at around 6 000 to 5 000 years 
BP (Hyvärinen 1969; Salvigsen 1978; Forman et 
al. 1987). Today the rate of uplift is nearly zero 
(Forman et al. 2004). 
The oldest and highest shorelines are found in 
the north-east and south-east of the archipelago, 
indicating that the centre of the Svalbard-Bar-
ents Sea Ice Sheet was towards the east-southeast 
of the archipelago (Forman et al. 2004). In the 
Murchisonfjorden – Lady Franklinfjorden area 
in Nordaustlandet the highest beaches from the 
Late Weichselian – Holocene period have been 
found at about 60 m above sea level (Blake 1961; 
Häggblom 1963).
The  rst foraminiferal classi cation was in-
troduced by de Blainville in 1825, although fora-
minifera had been known for centuries after they 
were  rst erroneously described by Herodotus in 
the 5th century BC as small molluscs (Loeblich 
& Tappan 1964; Murray 2006). This  rst clas-
si cation system was followed by several other 
systems established by various authors from a 
wide range of countries, such as France, Eng-
land, Austria, and Germany. The classi cations 
differed in the number of families, orders, or the 
criteria on which the classi cation was based. 
These early classi cation systems focused on the 
taxonomy of fossil foraminifera, and morpho-
logical features of the tests were mainly used to 
group the foraminiferal families. With the devel-
opment of new methods and instruments from 
the 1930s onwards, ecological studies on living 
foraminifera were made possible with staining 
methods, biomarker analysis, cultivation in labo-
ratory experiments, isotope studies, in-situ  eld 
studies and in more recent years even molecular 
genetic analysis (Murray 2006). 
Fossil foraminiferal assemblages are a use-
ful tool in palaeobiogeography, palaeoecology, 
palaeoceanography and biostratigraphy, and they 
are widely used for palaeoenvironmental recon-
structions and climate change studies on a local, 
as well as global scale. 
In the arctic region, the study of benthic fo-
raminiferal assemblage changes makes an im-
portant contribution to our understanding of late 
Quaternary climate change. The palaeoenviron-
mental interpretation may be based on exposed 
sections, but is often based on downcore studies 
of benthic foraminiferal assemblages (cf. Mur-
ray 2006). 
Observations of benthic foraminifera from 
the Arctic have been mentioned in publications 
since the early 1860s. Foraminiferal assemblages 
from the Svalbard archipelago were described by 
Feyling-Hanssen (1955) from Late Pleistocene 
deposits at Kapp Wijk in Spitsbergen, from Ho-
locene marine sediments in Talavera by Feyling-
Hanssen (1964), from a Tertiary to Quaternary 
section at Sarsbukta in Spitsbergen by Feyling-
Hanssen & Ulleberg (1984), and from Edgeøya 
by Nagy (1984) and Hansen & Knudsen (1995). 
Further investigations on late Quaternary sedi-
ments, including foraminiferal stratigraphy, have 
been published by Miller et al. (1989) from ma-
rine deposits at Brøggerhalvøya, from Edgeøya 
and Barentsøya by Landvik et al. (1992) and 
Mangerud et al. (1992), from section at Linné-
elva in Isfjorden and from Skilvika in Bellsund 
by Lycke et al. (1992), from Kongsøya by In-
gólfsson et al. (1995), and from Prins Karls For-
land by Bergsten et al. (1998). 
In addition to the study of on-shore Late 
Pleistocene raised marine deposits, stratigraphi-
cal and palaeoecological studies have been con-
ducted on sediment cores recovered from fjords 
and the shallow shelf surrounding the Svalbard 
archipelago (e.g. Nagy 1963; Rouvillois 1966; 
Hansen & Knudsen 1995; Korsun et al. 1995; 
Hald & Korsun 1997; Korsun & Hald 2000; 
Hald et al. 2001; Koç et al. 2002; Mityaev et al. 
2005; lubowska et al. 2005; Korsun et al. 2006; 
Majewski and Zajczkowski 2007; lubowska-
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Woldengen et al. 2007; Majewski et al. 2009; 
Skirbekk et al. 2010; Zajczkowski et al. 2010). 
However, there is a clear lack in the bio-
stratigraphical and palaeoecological understand-
ing and knowledge of the marine environment 
of Nordaustlandet. Detailed foraminiferal stud-
ies have not previously been presented from that 
area, neither from onshore sections nor from off-
shore cores. So far, the only records are from 
Blake (1962), who observed foraminifera in till 
deposits from the Murchisonfjorden area, and 
from Hyvärinen (1969), who determined three 
taxa to genus level in a marine interval from a 
lacustrine core from Lake Trullvatnet.
1.1 Aims and objectives of the study
The thesis aims to:
1. determine the timing of the deglacia-
tion, and to reconstruct the history and 
the deglaciation pattern of the Murchi-
sonfjorden area.
2. study benthic foraminiferal assemblage 
compositions, particularly during the 
deglaciation and Holocene, and to relate 
the assemblage compositions to changes 
in the marine environment.
3. reconstruct the palaeoenvironmental 
conditions in a high arctic fjord (Mur-
chisonfjorden) during the late Quaterna-
ry and to connect them to the terrestrial 
and marine records. 
This study is part of the project (#58): Change 
and variability of Arctic Systems Nordaustland-
et, Svalbard, which belongs to the large initia-
tive, entitled International Polar Year (IPY).  The 
IPY was held during the years 2007-2008 with 
a wide spectrum of multi-disciplinal and multi-
national projects. 
The projects covered topics from geoscienc-
es to humanities with all of them focussing on 
changes in polar regions. The present study deals 
with benthic foraminiferal assemblage from the 
late Quaternary and their use for the reconstruc-
tion of past marine environments.
2. Regional setting
The archipelago of Svalbard is located between 
76–81N and 10–30E and is surrounded by 
the Arctic Ocean, the Barents Sea, the Green-
land Sea and the Norwegian Sea. It consists of 
four large islands (Spitsbergen, Nordaustlandet, 
Edgeøya and Barentsøya) and numerous small 
ones. The entire archipelago covers an area of 
61 022 km2, of which Nordaustlandet, which 
is separated from Spitsbergen by the Hinlopen-
stretet, covers 14 443 km2. 
Around 60% of the total area of the archi-
pelago is continuously covered by snow and 
ice, with the ice-caps Vestfonna and Austfonna 
on Nordaustlandet covering nearly 10 700 km2 
(Harland 1997) (Fig. 1). 
2.1 Climate and vegetation
The climate of Svalbard is characterized by cool 
summers and cold winters, with a mean annu-
al air temperature of around -6C at sea level 
(Hisdal 1998). The mean summer air tempera-
ture is +4-5C at sea level close to Longyear-
byen, and the temperature is somewhat lower 
in eastern Spitsbergen and on Nordaustlandet 
(Harland 1997).
 The climate of the west coast differs from that 
of the east coast because of the in uence of the 
West Spitsbergen Current (WSC), a continua-
tion of the North Atlantic Current (NAC), which 
brings warm, saline water to the western and 
northern parts of Spitsbergen. The areas around 
Nordaustlandet are in uenced by cold Polar wa-
ters and the Svalbard Branch (SB), an extension 
of the WSC in the north, and the East Spitsber-
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150 other vascular plants, mosses, lichens and 
fungi (ACIA 2004). The high arctic polar des-
ert of Nordaustlandet is characterized by a pre-
dominance of skeletal soils and rocky ground 
(Aleksandrova 1988) and with plant communi-
ties of similar composition to those on Spitsber-
gen, but the vegetation is a lot more patchy and 
is dominated by mosses, fungi and lichens with 
arctic dwarf willows, and it is only rich and di-
verse under bird cliffs, where additional nutri-
ents are provided. 
2.2 Physical environment of the 
southern Murchisonfjorden area
Physical weathering is the prevailing erosional 
feature on the archipelago, and it leads to the ac-
cumulation of a thick layer of scree, which cov-
ers the ice-free ground. Other periglacial features 
are permafrost, patterned ground, pingos, soli-
 uction and polyhedral frostcracks. 
The morphology of the archipelago was large-
ly shaped by glacial activity and features such 
as roches moutonnées, erratics, end-moraines, 
hummocks, crescentic gouges, striations and 
cross-cutting striations, meltwater-channels and 
stoss-and-lee topography are prominent (Har-
land 1997). 
In the study area, the landscape is mostly 
smoothly undulating and only few areas are 
of higher elevation, e.g. the highest elevation 
reaches 171 m a.s.l. just south of Lake Eins-
taken (Fig. 2). 
The bedrock in the southern Murchisonfjor-
den area belongs to the Neoproterozoic Murchi-
sonfjorden Supergroup. It is split into the Lower 
Celciusberget Group, which consists of greenish-
grey dolomitic siltstones, quartzose sandstones 
and red-grey shales, and the Upper Roaldtoppen 
Group, which is comprised of grey and black-
grey dolomites, dolomitic limestones, lighter co-
loured mudstones and grey limestones contain-
ing a rich microfossil assemblage from the Late 
Riphean (Harland 1997; Sandelin et al. 2001). 
The study area is located in the western part 
of Nordaustlandet in Murchisonfjorden around 
the Bay of Isvika. The Bay of Isvika can be di-
vided into a large, relatively deep south-western 
part (maximum depth 130 m) and a small and 
shallow north-eastern part (maximum depth 80 
m; cf. Fig. 2). The sub-basins are separated by 
a crest at 60 m water depth. 
Bathymetrical data from Isvika, as well as 
twelve CTD pro les, were recorded during the 
cruise of m/s Horyzont II (pers. comm. Ma-
teusz Moskalik 2011). The CTD data show that 
throughout most of the bay, the water masses 
are separated into three water mass layers in the 
deep basins and two in the shallow basins, with 
pronounced differences in temperature and salin-
ity (Fig. 3). The lower boundary of the Surface 
water is not stable, changing in depth between 
10 and 30 m. The Intermediate water may also 
contain water masses from other water bodies, 
such as in owing water from Hinlopenstretet. 
The salinity and temperature is slowly changing 
within the Intermediate water. The Winter water 
at the bottom of the basin has the highest density 
and salinity as well as the lowest temperature. 
The Triodalen river (Fig. 2) enters the Bay of 
Isvika to the south-west of the study area close 
to the coring site of Isvika 1, having its origin at 
the Vestfonna ice cap. Along its way from the ice 
cap to the Bay of Isvika, the river  ows through 
a large periglacial catchment area, and when it 
 nally enters the bay, a hypopycnal plume of 
suspended  ne-grained material is mixed with 
the top water layers in the bay. The suspend-
ed material is transported and distributed with 
the tidal currents in a north-westward direction, 
while the water masses are slowly mixing and 
the material settles on the bottom. 
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reference to their lithology, texture, sedimentary 
structures, colour (Munsell codes), their fossil 
content, geometry and relationship to each other, 
using standard sedimentological techniques 
(Miall 2000; Evans & Benn 2004). 
In addition, a series of diamicton units were 
measured concerning their clast fabric of the 
-axis dip direction, in order to infer the glacier 
 ow directions in the study area. Each unit was 
sampled for grain size analysis, water content, 
clast composition and fossil content, and suitable 
units were sampled for Optically Stimulated Lu-
minescence (OSL) age determinations including 
background radiation measurements.
3.2 Sediment core methods
The lake core (Einstaken) and the marine core 
Isvika 1 were opened at the Sedimentological 
Laboratory of the Geological Survey of Finland 
using an electric saw cutting approximately along 
the middle line of the core tubes. The core halves 
were designated to working and archive halves. 
The cleaned sediment surfaces of the working 
halves of both cores were visually described (unit 
thicknesses, colour, grain size, sedimentary struc-
tures) and photographed, and the low- eld mag-
netic susceptibility was directly measured at 1 
cm intervals with a Bartington Instruments Ltd 
MS2E1 sensor. 
Paper IV and Salonen et al. (submitted) de-
scribe in detail the methods used to attain the 
composite log of Isvika 1, and descriptions of 
the lithological record of the core can be found 
therein. 
Subsequently, the freshwater part of the Eins-
taken core was sampled at 2-cm intervals for chi-
ronomid, cladoceran and diatom analyses, and 
the marine part of Einstaken and Isvika 1 were 
sampled at 1-cm intervals, when possible, for fo-
raminiferal analyses. Sub-samples were selected 
for water-content (every cm) and Loss-on-Igni-
tion (LOI; every 5th cm) measurements follow-
ing the standard procedure (Bengtson & Enell 
1986), as well as for grain size analyses (every 
cm) from Isvika 1. 
3.3 Foraminiferal methods
The sediment samples for the foraminiferal anal-
yses (Paper III and IV) were cleaned (the outer 
surface was cut away to avoid contamination 
from younger material that was smeared down 
along the inner surface of the PVC tube), weight-
ed and stored in a refrigerator at +4C. 
The samples used in Paper II were originally 
used to determine the water content of the sedi-
mentary units, from which samples for OSL age 
determinations were taken. Hence, these sam-
ples had been subjected to a different pre-treat-
ment. For the water content analyses, the sam-
ples were dried in an oven at 105C for several 
hours and were occasionally stirred to ensure 
complete evaporation of moisture. This proce-
dure might have led to breakage of some calca-
reous or agglutinated tests. However, the result-
ing assemblages were composed of a diverse 
fauna, and therefore the results are accepted as 
being reliable.  
The samples were washed through a stack of 
sieves (1 mm, 0.1 mm, 0.063 mm; ISO 3310-1) 
and then dried in an oven at 50C. The foramini-
fera in the 0.1-1.0 mm size fraction were con-
centrated using the heavy liquid trichloroethyl-
ene (C2Cl4, with the speci c weight of 1.59 g/
cm3) following the method described by Fey-
ling-Hanssen et al. (1971), Knudsen (1998) and 
Murray (2006). 
A stereo microscope (Olympus SZ 40) with 
a zoom magni cation of x0.67–x4 (zoom ratio 
of 6:1) and a total magni cation of x40 was used 
to determine and count the foraminifera in the 
0.1-1.0 mm fraction. 
The 0.1 mm size fraction is commonly used 
in studies on modern foraminiferal assembla-
ges and in palaeoenvironmental reconstructions 
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based on benthic foraminifera in samples from 
Arctic regions (Steinsund 1994; Knudsen & Aus-
tin 1996; Hald & Korsun 1997; lubowska et al. 
2005; lubowska-Woldengen et al. 2007; Hald 
& Korsun 2008; Skirbekk et al. 2010).
The concentrated foraminiferal sample was 
evenly spread out on a black powder-coated brass 
picking tray with 1.5 mm holes at the grid inter-
section lines. The foraminifera were picked with 
a steel needle or a damp thin brush and dropped 
through the holes into Franke-slides. The slides 
were subsequently covered with glass covers and 
are stored at the Division of Geology, University 
of Helsinki. Specimens from samples 14, 7, 8, 
27 and 42 in Paper II were mounted on micro-
palaeontological faunal slides and used as refer-
ences for future work. 
For all the studies, at least 300 specimens of 
benthic calcareous foraminifera were counted in 
each sample, when possible. All the specimens 
were counted in samples with few specimens. 
Every sample slice from the Einstaken core was 
analysed for its foraminiferal content (totalling 
16). For paper IV, every 5th sample was counted 
(totalling 46), and the new extended data pre-
sented here are from every 1cm sample of the 
Isvika 1 core (totalling 210).
The occurrence of intermediate or transi-
tional forms of some taxa, as well as the occa-
sionally poor preservation state of some spec-
imens, made taxonomic groupings necessary, 
although it is known that possible climatic in-
dications might be lost. The following species 
were grouped: Elphidium albiumbilicatum and 
Elphidium hallandense to Elphidium albiumbili-
catum/hallandense (see the discussion in Knud-
sen 1978) (Paper II, sample 13). Some specimen 
of Elphidium excavatum forma clavata, Elphid-
ium albiumbilicatum and Elphidium hallandense 
were grouped to Elphidium spp. in Paper II, but 
due to the poor preservation state in some of the 
samples, this group might also include other spe-
cies of the genus Elphidium. 
It is known that the environmental conditions 
indicated by Elphidium albiumbilicatum in arctic 
sediments are not fully understood, and therefore 
the species is used cautiously, and is not used at 
all in the discussions of the foraminiferal assem-
blages in Paper IV (cf. Wollenburg 1995; Polyak 
et al. 2002). Buccella frigida and Buccella ten-
errima were combined to Buccella frigida/ten-
errima (Paper IV) because of the occurrence of 
intermediate forms and occasionally poor pres-
ervation, but since the two species have similar 
climatic requirements, nothing seems to be lost 
by the combination (cf. Saher et al. 2009). Al-
though some tests showed signs of transporta-
tion or dissolution, the tests of the most common 
species were generally well preserved.
Altogether 33 benthic calcareous taxa were 
found in the investigated material (Table 1). A 
few planktonic specimens were observed. Ag-
glutinated taxa were counted but not determined, 
since most of them were fragmented either as a 
result of the laboratory procedures, as described 
above, or due to down-core disintegration. The 
original references and descriptions of the taxa 
are reported in Ellis and Messina (1949, and sup-
plements up to 2009). 
As a measure for past environmental condi-
tions, the faunal diversity index of Walton (1964) 
has been calculated for all the assemblages. This 
index is de ned as the number of ranked spe-
cies in a sample amounting to 95% of the total 
assemblage. The accumulation rates ( ux) for 
benthic calcareous foraminifera (Paper IV, Isvi-
ka 1) were calculated using the equation (num-
ber of specimens/cm2/year) with a set density 
for the bulk dry sediment of 0.8 g/cm3 and the 
sedimentation rates (cm/year), as calculated from 
the calibrated AMS 14C ages (see Paper IV for 
details). The concentration of foraminifera was 
calculated as the number of specimens in 100g of 
dry sediment. Agglutinated and planktonic taxa 
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are excluded from the percentage calculations.
4. Chronology 
The chronology for the studied sections and 
cores is based on seven OSL and 21 radiocar-
bon (AMS 14C) age determinations (Table 2). The 
detailed laboratory treatment procedures for the 
preparation of OSL and AMS 14C samples can 
be found in Paper I. The AMS 14C age determi-
nations were calibrated using either the IntCal09 
software (Reimer et al. 2009) or the Oxcal pro-
gram (Bronk Ramsey 1995, 2009) with the Ma-
rine04 or the Marine09.14c calibration data set 
for marine samples (Paper I, II and IV). The 
programs have an integrated marine reservoir 
age correction,  but R was adjusted to the Sval-
bard value for the present study. The mean R 
value for Svalbard (98±37 years) was calculated 
using known R values from Svalbard, which 
can be found from the CHRONO 2010 data-
base (CHRONO 2010). Mangerud et al. (2006) 
recommended a value of R=105±24 years for 
Svalbard, and the recently calculated age is very 
close to this one. 
Samples which gave age results that were 
too old were not considered in the age-depth 
model for Isvika 1 (Paper IV), and the results 
of the age determinations of the bulk samples 
from lake Einstaken (Paper III) are considered 
to be too old, presumably due to the in uence 
of a  uctuating hard-water effect.
 Table 2 shows all age determinations from 
Papers I-IV together. 
Detailed discussions on the subject can be 
found in the corresponding publications.
Table 1. Foraminiferal list of Isvika 1 with original 
reference (cf. Ellis and Messina 1949, and 
supplements up to 2009).
Astrononion gallowayi Loeblich and Tappan 1953
Bolivina spp.
Buccella frigida (Cushman 1922)
Buccella tenerrima (Bandy 1950)
Cassidulina reniforme Nørvang 1945
Cibicides lobatulus (Walker and Jacob 1798)
Cornuspiridae spp.
Dentalina spp.
Elphidiella arctica (Parker and Jones 1864)
Elphidium asklundi Brotzen 1943
Elphidium albiumbilicatum (Weiss 1954)
Elphidium bartletti Cushman 1933
Elphidium excavatum (Terquem 1875) 
forma clavata Cushman 1930
Elphidium hallandense Brotzen 1943
Elphidium magellanicum Heron-Allen and Earland 1932
Elphidium spp.
Fissurina spp.
Glandulina spp.
Guttulina spp.
Haynesina nivea (Lafrentz 1963)
Haynesina orbiculare (Brady 1881)
Islandiella helenae Feyling-Hanssen and Buzas 1976
Islandiella norcrossi (Cushman 1933)
Lagena spp.
Nonionella auricula (Heron-Allen and Earland 1930)
Nonionella turgida Nørvang 1945
Nonionellina labradorica (Dawson 1860)
Oolina spp.
Parafi ssurina spp.
Patellina corrugata Williamson 1858
Stainforthia loeblichi (Feyling-Hanssen 1954)
Stainforthia feylingi Knudsen and Seidenkrantz 1994
Trifarina fl uens (Todd 1947)
Sample   Sample   Depth (cm)/ δ 13C (‰)  Age (yr BP) Calibrated age 
Identification material   Log      range ±1σ
(cal. yr BP) 
Hel-TL-04095 Shingle gravel 2    10 600±1300 11 900-9300 
Hel-TL-04096 Bimodal gravel 2    6800±2400 9200-4400 
Hel-TL-04098 Shell-bearing sand 3    6000±900  6900-5100
Hel-TL-04099 Shell-bearing sand 4    5400±400  5800-5000a
Hel-TL-04101 Stratified gravel 5    3700±3700 40 700-33 300 
Hel-TL-04102 Fine sand with  7    79 000±13 900 92 9000-65 100 
  bivalves
Hel-TL-04103 Medium sand 7    83 100±10 200 93 300-72 900 
Hela-1652  Mya truncata 2 +1.0 9725±60  10 600-10 400 
Hela-1651  Astarte borealis 3 +2.2 6375±45  6800-6700
Hela-1653  Shell fragment 5 +1.1 39 925±2445 42300-37 400* 
Hela-2435  Gyttja 22-23 -24.2 7160±50  7940-8010
Hela-2436  Gyttja 40-41 -24.0 7300±50  8050-8170
Hela-2437  Gyttja 72-73 -24.3 9090±60  10 200-10 350 
Hela-2438  Gyttja 114-115 -27.2 10 800±70  12 600-12 750 
Hela-2439  Gyttja 132-133 -23.1 11 400±70  13 200-13 300 
Hela-2685  Foraminifera 133-155 -24.0 11258±70  12 600-12 700 
Hela-2440  Foraminifera 0-7 -0.7 687±25  145-280
Hela-2441  Mollusc shell 39-40 -2.5 1113±25  550-635
Hela-2442  Mollusc shell 52-53 -0.5 >47 000b
Hela-2443  Foraminifera 85-89 -0.4 2739±29  2270-2410
Hela-2607  Foraminifera 100-102 -0.24±1.48  3342±33  2985-3155
Hela-2444  Mollusc shell 119-120 +1.6 7634±33  7930-80458b
Hela-2445  Mollusc shell 121-124 +1.9 7471±36  7780-7910b
Hela-2606  Foraminifera 150-153 -0.24±1.48  5506±47  5710-5865
Hela-2446  Foraminifera 169-175 -1.2 6758±32  7145-7250
Hela-2447  Mollusc shell 203 +0.6 9085±36  9545-9725b
Hela-2512  Mollusc shell 215.5 +0.9 8952±38  9450-9550
Hela-2511  Foraminifera 245-250 -2.1 10 374±42  11 190-11 310  
a) Too young age, probably due to light contamination during sampling 
b) Reworked or re-deposited mollusc shells 
Table 2. Optically stimulated luminescence ages obtained from well-bleached quartz grain samples (Hel-TL-) and radiocarbon age 
determinations (AMS 14C) from mollusc shells, foraminifera and bulk sediment (gyttja) samples (Hela-). Age determinations marked in 
italics are excluded from the age model in Paper IV, and ages marked with an asterisk are uncalibrated due to the inadequate calibration 
age range of the Marine 04 curve. The AMS 14C ages were calibrated using the Oxcal software (Bronk Ramsey 2009) and the Marine 09.14 
calibration data set (Reimer et al. 2009) with a marine reservoir age of 498 years (•R = 98) (CHRONO 2010). The bulk sediment ages were 
calibrated using the IntCal09 curve (Reimer et al. 2009)
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5. Summary of the papers
5.1 Geological and sedimentological 
investigations of the Murchisonfjor-
den area (Paper I)
The purpose of the investigations in the southern 
Murchisonfjorden area was to collect informa-
tion on the evolution of the Svalbard-Barents Sea 
Ice Sheet during the late Quaternary.  The study 
consisted of reconnaissance mapping, strati-
graphical observations, striae measurements on 
bedrock outcrops and clast fabric measurements, 
which led to the investigation of seven sections 
(Log 1-7) with preserved late Quaternary de-
posits in isostatically uplifted outcrops along the 
shores of Isvika and Snaddvika (Figs. 2, 4). The 
sedimentological survey of the logs resulted in 
the description of interlayered diamictons and 
well-sorted marine sediments. A total of 12 depo-
sitional units with varying thicknesses from 0.1 
m to 3.5 m were de ned. These 12 depositional 
units were interpreted as seven diamicton units 
and  ve marine units. 
The diamicton units 1, 3, 4, 5 and 7 were 
deposited by various glacial processes such as 
lodgement, deformation or meltout. The prove-
nance study of the clasts in these till units shows 
that they are composed mainly of local bedrock 
material. Unit 10 was deposited by gravitational 
failure and Unit 12 by debris  ow processes of 
cohesionless material. 
The marine units (2, 6, 8, 9 and 11) have all 
been deposited in shallow-water environments 
of the upper shoreface zone and foreshore zone, 
consisting of gravels and medium to coarse 
grained sands with the occasional pebble and 
cobble horizons. All the marine units contain 
mollusc fragments and whole shells of Astarte 
sp., Mya truncata, Hiatella arctica, Chlamys is-
landica, Astarte montagui in abundance, as well 
as shell remains of Balanus sp., and a few Os-
tracoda and abundant Foraminifera. Also the 
diamicton units contained shell fragments and 
reworked marine sediments. 
Seven OSL age determinations were per-
formed on gravel and sand samples which de-
rived from the marine units. In addition, three 
AMS 14C radiocarbon age determinations on 
mollusc shell remains were performed on sam-
ples representing the same units as the OSL sam-
ples. The results support each other, indicating 
that shallow marine sediments from high arctic 
areas are suitable for OSL age determinations 
(Forman 1988). 
The individual logs contained up to four sep-
arate diamicton units usually intercalated with 
shallow marine deposits. In Log 7, the OSL dat-
ing of the marine sediments (Unit 2) from above 
the basal till (Unit 1) resulted in the oldest age of 
about 80 ka (Early Weichselian; Phantomodden 
interstadial). Therefore, Unit 1 must be older than 
this and represents most probably a till that was 
deposited during the Early Weichselian glacia-
tion (MIS 5b). Deposition of marine sediments 
at about 40 ka (Unit 6) suggests that this was an 
interstadial interval (Kapp Ekholm interstadial). 
The diamicton (Unit 10) below marine sediments 
(Units 11 and 12), which were dated to around 
10 ka, was probably deposited during the LGM 
(Late Weichselian). 
The marine sands (Unit 8) in Log 3 were 
dated to 6 ka, suggesting that the underlying till 
(Unit 7) is older. In Log 4, an OSL age determi-
nation on marine sediments (Unit 6) underlying 
a till (Unit 7) resulted in an age of around 5 ka. 
Measurements of the striae on the bedrock in the 
study area point to three different ice- ow direc-
tions, which are most likely indicating different 
ice- ow directions during successive glaciations. 
The youngest striae, which are cross cutting the 
older ones, all indicate glacier  ow in a south-
western direction out of Murchisonfjorden to-
wards Hinlopenstretet. 
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is not well known. Buccella frigida (A1, A2 and 
A5) has been described from shallow-water en-
vironments with slightly elevated salinity (Stein-
sund 1994), but also from environments with 
lowered salinity (Rouvillois 1966; Polyak et al. 
2002). Cibicides lobatulus (A2-A5) is known to 
thrive in high-energy environments with strong 
bottom-water currents and coarse bottom sed-
iments in recent assemblages from the Arctic 
(Haynes 1973; Hald & Korsun 1997; Murray 
2006). It often occurs together with Astrononion 
gallowayi and Buccella frigida (Haynes 1973; 
Rytter et al. 2002). 
The occurrence of Stainforthia loeblichi 
might be an indication for seasonal sea-ice cover 
(cf. Steinsund 1994) during deposition of assem-
blage zone A4. Assemblage A4 is also character-
ized by high abundance of Islandiella helenae 
and Nonionellina labradorica, which are high-
arctic species requiring stable salinities, open-
ocean water connection and glacier-distal envi-
ronments (Hald et al. 1994; Kelly et al. 1999). 
Islandiella helenae is particularly dominant in 
assemblage zones A1-A3. 
In summary, changes in the composition of the 
assemblages are indicative of differences in the 
depositional environment, but a common feature 
of all assemblages is that they were deposited 
during periods of high global sea levels during 
interstadials or interglacials (MIS 5c, 3 and 1) 
in glacier-distal environments on the inner shelf 
with an open connection to the ocean. In this 
work, a well-dated Mid-Weichselian foramini-
feral assemblage (zone A3) from Svalbard is de-
scribed for the  rst time. 
5.3 Foraminiferal assemblages in 
shallow marine sediments (Paper III)
The multiproxy study of Lake Einstaken was per-
formed in order to investigate the marine fauna 
in the pre-lake phase sediments, to analyse the 
fossil remains in the lacustrine sediments for their 
ecological and environmental implications, and 
to date the isolation of the lake. 
AMS 14C radiocarbon age determinations 
were performed on bulk sediment samples from 
 ve levels in the lacustrine part of the core and 
on one foraminiferal sample from the marine 
interval. The lowest lacustrine sample was ex-
tracted from the sediments just above the isola-
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Figure 5. Foraminiferal frequency chart for the assemblages from the coastal sections in Isvika (Paper II).
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tion level and the topmost sample from 22 cm 
depth. The dated sample from the marine interval 
comprises 21 cm because the foraminiferal con-
tent was so low that the required sample weight 
for AMS 14C age determinations could otherwise 
not have been achieved. 
The dated samples from the lake stage con-
sisted of gyttja with various amounts of partial-
ly decomposed mosses. The age determinations 
range from about 13 300 to 8000 cal. years BP 
(Cal. 1	 range), from the lowermost to the top-
most sample from the lake stage. These results 
would indicate large changes in the sedimenta-
tion rate (0.03 mm yr-1 to 1.7 mm yr-1) within 
a core record of only 133 cm in length. In the 
absence of indications for erosion or periods of 
non-sedimentation in the core record, it is as-
sumed that the age determinations from the lake 
stage resulted in ages that were too old. The fo-
raminiferal sample resulted in an age determi-
nation ranging from 12 700 to 12 600 cal. years 
BP, it is assumed that the marine interval has an 
average age of 12 700 cal. years BP.
The problem of too old ages has previously 
been discussed in several studies of arctic lakes 
(e.g. Deevey et al. 1954; Donner et al. 1971; Paus 
2000; Kultti et al. 2003). A reason for too old ra-
diocarbon ages is believed to be either contam-
ination of the sample material with old carbon 
from sources surrounding the lake such as car-
bonate bedrocks or mollusc-rich shallow marine 
deposits (Blake 1989) or ground-water in uence 
(cf. Paus 2000; Kultti et al. 2003). 
The isolation of the lake occurred at around 
12 600 cal. years BP or later, which places the 
marine sequence of the core in the Younger Dry-
as and the lacustrine sedimentation in the late 
Younger Dryas and Holocene. 
The marine record in the core has a thickness 
of 22 cm and was split into 16 samples. The sam-
ples contain 20 calcareous benthic foraminiferal 
taxa in various abundances. The concentration 
of foraminifera in 100 g of dry sediment is rela-
tively high, 1500-9750 specimens. 
The DCA analysis divided the 16 samples 
into 4 foraminiferal zones (Fo1-4) with faunal 
diversities of between 2 and 8. All four zones are 
dominated by Haynesina nivea (44-98%), in the 
lowest zone (Fo1) accompanied by subordinate 
arctic taxa (1-19%), decreasing to a few acces-
sory species (1-4%) in zone Fo2. Zones Fo3 and 
Fo4 are entirely composed of Haynesina nivea 
and Buccella frigida (50 and 50% and 98 and 
2%, respectively). 
So far, Haynesina nivea has previously been 
only described in Holocene marine sediments 
on Edgeøya by Hansen and Knudsen (1995). It 
was found in recent samples from very shallow 
water depths in eastern and western Greenland 
(Madsen & Knudsen 1994; pers. comm. David 
N. Penney 2010). These waters are characterized 
by a high in ow of meltwaters, slightly low-
ered salinity and temperatures of around 0C (e.g. 
Marienfeld 1991). 
Buccella frigida has been described from arc-
tic shallow-water environments with lowered sa-
linity due to freshwater input (Rouvillois 1966; 
Polyak et al. 2002). It can be assumed that the 
foraminiferal composition re ects an unstable 
environment with very shallow water,  uctuating 
salinity as a result of large amounts of freshwa-
ter input, and sea water temperatures probably 
around 0-2C. Shoreline reconstructions in the 
study area support the assumption of shallow-
water conditions, of maximum 20 m, during the 
deposition of Fo1-4.
The Holocene development of the lake is 
characterized by various chironomid, cladoc-
eran and diatom assemblages. The initial lake 
stage is dominated by pioneer taxa for all three 
groups. Later changes in the assemblages are 
most likely related to changes of nutrient sup-
ply, in-lake processes and climatic development.
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5.4 Deglaciation and Holocene envi-
ronmental changes in Isvika: forami-
niferal analysis (Paper IV and sup-
porting unpublished data)
The focus of this investigation was to deter-
mine palaeoenvironmental changes during de-
glaciation and the Holocene in the high-arctic 
Isvika Bay by the means of calcareous benthic 
foraminiferal assemblages. The 250 cm long 
core was recovered at a water depth of 100 m, 
and 46 samples (every 5th cm) were analysed 
for their foraminiferal contents (Paper IV). The 
water content of the sediments ranged between 
17 and 45%, and the values for LOI between 7 
and 14%. Twelve AMS 14C radiocarbon age de-
terminations were performed on levels between 
247.5 cm and the top of the core, and the age 
results cover the period from the deglaciation of 
the area to almost the present time. 
The samples yielded 32 benthic calcareous fo-
raminiferal taxa, and were (for Paper IV) divided, 
by means of detrended correspondence analysis 
(DCA), into six foraminiferal zones (FZ1- FZ6), 
which represent distinct periods in the environ-
mental and climatic development of Isvika: FZ1 
represents the deglaciation, FZ2 the Holocene 
Climatic Optimum, FZ3 and FZ4 a glacial re-
advance and FZ5 and FZ6 the mid- to late Ho-
locene cooling. 
The lowest values for the faunal diversity in-
dex, the number of species, and the number of 
specimens in 100 g of dry sediment are found 
in FZ1 at the bottom of the core (3, 6 and 450, 
respectively), the highest numbers are found in 
FZ5 and FZ6 in the upper part of the core (12, 
19 and 57 000, respectively). It is interesting to 
note that there is a steadily increasing trend in 
these values  through zones FZ2 and FZ3 until a 
pronounced glacial re-advance occurred at about 
7000 years BP (between 167 to 125 cm; FZ4). 
During this time interval, the faunal diversity 
drops to 8, the number of species to 10 and the 
number of specimens in 100 g of dry sediment 
to 2935 (mean values). 
All six foraminiferal zones contain typical 
arctic species similar to those found today in 
fjords around Svalbard (Hald & Korsun 1997; 
Korsun & Hald 2000; Hald & Korsun 2008). A 
pronounced change can be seen by an upward 
decrease in Nonionellina labradorica, which is 
an indicator species for high-arctic, open-ocean 
conditions with a high seasonal  ux of fresh nu-
trients (Hald & Korsun 1997). This change is 
interpreted as a result of changes in the Atlantic 
water in ow and in the palaeogeography of the 
bay due to the isostatic uplift of the area after 
deglaciation. 
Relatively low abundances of Cibicides lo-
batulus, an attached species which prefers coarse 
bottom sediments and lives in high energy en-
vironments (Haynes 1973), in FZ3 and FZ4 are 
probably as a result of decreased bottom-water 
currents causing changes in the bottom sediment 
composition from silty material to more clay-rich 
sediment. Changes in the abundance of Buccella 
frigida/tenerrima are most likely due to changes 
in the bottom-water salinity (cf. Rouvillois 1966; 
Steinsund 1994; Polyak et al. 2002). A gradual 
mid- to late Holocene cooling is interpreted on 
the basis of the increase of Cassidulina reniforme 
and Elphidium excavatum forma clavata in FZ5 
and FZ6. This coincides with the lowering of so-
lar insolation at 80N.
In addition to the 46 samples that were inves-
tigated for Paper IV, the remaining 164 samples 
from the Isvika 1 core were counted for their 
foraminiferal content (totally 210 samples, Fig. 
7). The results from this new data set support 
the observations presented in Paper IV and give 
more detailed information on the changes in the 
assemblages. 
A subsequent DCA analysis run with the ad-
ditional sample data included would suggest four 
faunal zones (foraminiferal assemblages, FA1-
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6. Discussion of the 
environmental history of 
the Murchisonfjorden area 
during the late Quaternary
The following discussion combines the results of 
the four papers (Papers I-IV), and it also includes 
the new results from additional foraminiferal 
counting (every 1 cm) of the Isvika record. 
A high-resolution record was produced in 
order to observe small variations in the faunal 
composition better and to be able to note small- 
scale  uctuations for single taxa. Such detailed 
information is usually lost in low-resolution 
records. Furthermore, it provides the possibility 
to apply additional quantitative studies to the 
material in future research. 
The correlation of the foraminiferal 
assemblages in the Murchisonfjorden area, and 
a palaeoenvironmental interpretation for each 
assemblage zone is summarized in Table 3.
6.1 The Early Weichselian interstadial 
The two rich foraminiferal assemblages (A1 and 
A2; Paper II; Fig. 5) of the Early Weichselian 
sediment samples contain Islandiella helenae, 
Buccella frigida, Cassidulina reniforme, Cibi-
cides lobatulus, Elphidium excavatum forma cla-
vata, Haynesina orbiculare, Nonionellina lab-
radorica and some accessory species. The as-
semblage compositions indicate a glacier-distal, 
shallow-water environment in uenced by rela-
tively strong bottom-water currents and possibly 
 uctuating salinity and connection to the open 
ocean (Hald & Korsun 1997; Korsun & Hald 
2000; Hald & Korsun 2008). Similar assemblag-
es have been described from various locations 
with comparable ages from around Spitsbergen 
(Miller et al. 1989; Lycke et al. 1992; Sivertsen 
1996; Bergsten et al. 1998; Houmark-Nielsen & 
Funder 1999). The Early Weichselian sedimen-
tary successions from the onshore sections in 
Isvika can be correlated to similar successions 
with interlayered tills and well-sorted marine sed-
iments, which have been described from around 
Spitsbergen (Andersson et al. 1999; Houmark-
Nielsen & Funder 1999). The marine sands over-
lying tills were dated and belong to the Phanto-
modden interstadial. 
The samples from Isvika were dated by the 
means of OSL analysis of well-sorted  ne to 
medium sand and coarse sand containing abun-
dant shell fragments, which were deposited dur-
ing an interval of high sea level stand in shal-
low waters of the shoreface or foreshore zones 
(Paper I). The presence of well-bleached quartz 
grains (used for age determinations) also sug-
gests a shallow-marine environment. 
All observations support the environmental 
interpretation of sediment deposition in shallow 
water on the inner shelf. The sea level reconstruc-
tion for the Early Weichselian interstadial shows 
a rise in sea level following the preceding stadi-
al (Waelbrook et al. 2002). However, the rise in 
sea level was not very pronounced, which may 
be due to the limited extension of the Barents-
Svalbard Sea Ice Sheet (Svendsen et al. 2004). 
The extension of the ice sheet over Nordaust-
landet and onto the shelf further to the north 
during the Early Weichselian has been demon-
strated by Mangerud et al. (1998). This led to 
isostatic depression of the land and to a shallow 
shelf con guration of the Murchisonfjorden area 
after the termination of the glaciation. Support-
ing evidence for an Early Weichselian glaciation 
covering Nordaustlandet is the deposition of a 
glacial till below interstadial marine sediments 
and associated striae on bedrock outcrops point-
ing to a glacial  ow in a westward direction to-
wards Hinlopenstretet.
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6.2 The Middle Weichselian intersta-
dial
The dominance of Cibicides lobatulus in the 
Middle Weichselian assemblage (A3; Paper II; 
Fig. 5) suggests deposition in a high energy en-
vironment (Hald & Korsun 1997). Accessory 
species like Islandiella helenae and Cassiduli-
na reniforme indicate a glacier-distal, relatively 
shallow environment with a connection to the 
open ocean, providing in ow of ocean bottom 
waters to the area. The composition of the as-
semblage A3 from the Isvika section is similar 
to the underlying assemblages A1 and A2 and to 
other foraminiferal assemblages from comper-
able environments around the archipelago. The 
sample derived from upper shoreface to fore-
shore sediments, which are composed of moder-
ately to well-sorted coarse sands with occasional 
pebble and cobble horizons containing abundant 
shell fragments of presumably Hiatella arctica. 
Two age determinations were performed 
(OSL and AMS 14C) on the marine sediments. 
They resulted in overlapping ages of the Mid-
dle Weichselian. This shows  rstly that the ra-
diocarbon method, when based on a single shell 
sample (Blake 1989), is suitable for determin-
ing Middle Weichselian ages and secondly that 
the interpretation of a shallow deposition area is 
supported by well-bleached quartz grains used 
for the OSL method. 
Blake (1961) reported radiocarbon age deter-
minations on shell samples from 44 to 77 m a.s.l. 
in north-western Nordaustlandet, which yielded 
widely scattered Middle Weichselian ages be-
cause they were based on composite samples. 
Middle Weichselian sediments have previous-
ly only been described from Isfjorden in Spits-
bergen by Mangerud & Svendsen (1992), but 
seem to be lacking in all other well-dated late 
Quaternary sequences from the archipelago. Un-
fortunately, no foraminiferal data was published 
by Mangerud & Svendsen (1992). 
Sharin et al. (2007) described a differently 
composed foraminiferal fauna from the Wijdfj-
orden region, which they placed to the Middle 
Weichselian on the basis of its stratigraphical po-
sition, but a proper age control is lacking. 
This implies that the foraminiferal assemblage 
A3 (Elphidium albiumbilicatum; Paper II) from 
Log 5 in Isvika is the  rst foraminiferal assem-
blage, which has been described from Middle 
Weichselian marine sediments from Svalbard.
Glacial striae observations on bedrock out-
crops in the study area indicated a glacier  ow 
in a northerly to north-westerly direction. Simi-
lar observations have been made by Österholm 
(1978) in the northern ice–free areas of Nor-
daustlandet.
6.3 The Late Weichselian and Holo-
cene development
The gravitational failure deposit (Unit 10), which 
was deposited in a glaciomarine environment, 
underlying dated marine deposits from the Late 
Weichselian and early Holocene (Units 11 and 
12; Paper I and II), indicates a glacier covered 
the study area during the LGM (Fig. 4). Sever-
al observations of glacial striae scoured on bed-
rock surfaces in the study area indicate a glacier 
 ow direction towards Hinlopenstretet. These 
observations are supported by observations on 
the ice movement directions demonstrated by 
Blake (1966), Schytt et al. (1981) and Öster-
holm (1978) from northern Nordaustlandet and 
by glacial lineations on the sea  oor of Hinlo-
penstretet in a north-westward direction (Ottesen 
et al. 2007). Variations in the striae directions are 
not, however, solely dependent on the movement 
of the ice sheet but are also in uenced by the lo-
cal topography (Blake 1966; Österholm 1978).
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6.3.1 The Late Weichselian to Holocene 
transition
The oldest deposits from the deglaciation are 
the marine sediments at the bottom of the core 
from Lake Einstaken (Paper III). Isolation of the 
lake occurred after around 12 600 cal. years BP. 
Investigations around the lake basin revealed a 
shoreline at 38 m a.s.l., which was dated by the 
means of 14C age determination on drift wood to 
between 11 050 and 10 600 cal. years BP, which 
is younger than the isolation age of Einstaken. 
This indicates a Late Weichselian age for the ma-
rine sediments in the lake core record. 
The foraminiferal assemblages (Fo1-4) from 
Lake Einstaken thus represent the record closest 
to the time of deglaciation. The lowest forami-
niferal assemblage is characterized by species 
from arctic shallow-water environments with 
lowered salinity. The dominant species in the 
assemblage (Fo1) is Haynesina nivea. There are 
low abundances of Elphidium excavatum forma 
clavata, Buccella frigida, Cassidulina reniforme 
and Astrononion gallowayi, and accessory speci-
mens of Elphidium hallandense, Elphidium al-
biumbilicatum, Cibicides lobatulus and Hayne-
sina orbiculare. Towards the top of the marine 
interval, the number of accessory species fur-
ther diminishes (Fo2), and the two top-most fo-
raminiferal assemblages (Fo3 and Fo4) consist 
only of Haynesina nivea and Buccella frigida. 
In Fo3, these two species make up half of the 
assemblage each, but in Fo4 Haynesina nivea is 
totally dominant (98%). This interval represents a 
severe and extreme environment at shallow wa-
ter depths (max. 20 m) and  uctuating salinity 
conditions. Buccella frigida has been described 
from areas with elevated salinity in the Barents 
Sea by Steinsund (1994). However, Rouvillois 
(1966) observed the species in recent sediments 
from Kongsfjorden, and Polyak et al. (2002) re-
ported it in recent river-in uenced marine envi-
ronments in the southern Kara Sea under reduced 
salinity conditions. Both environments are in u-
enced by a large amount of freshwater input ei-
ther by river-discharge or by glacial meltwater. 
These contradictory observations on the salinity 
preferences of Buccella frigida most likely in-
dicate that the species distribution is controlled 
by other environmental factors, and that salinity 
might not be the sole limiting factor.
Records of Haynesina nivea in sediments 
from Svalbard are sparse (Hansen and Knud-
sen 1995), but it has been described from recent 
shallow-water environments (around 4 m depth) 
in the Scoresby Sund fjord in east Greenland 
(Madsen & Knudsen 1994). The Scoresby Sund 
assemblage was found in the so-called Fjord wa-
ter layer, which is highly in uenced by freshwa-
ter input from melting fjord ice and rivers (salin-
ity below 31.5 psu and temperatures just above 
0C). This would suggest a somewhat similar 
environment for the Einstaken basin. 
Today, Lake Einstaken is situated in a depres-
sion surrounded by a gently rising undulating 
landscape. Therefore, it seems likely that, before 
the  nal isolation, the basin was a lagoon which 
was periodically cut off from the sea, leading to 
 uctuations in the salinity and water tempera-
tures during the later phases of the marine de-
position. The basin was further in uenced by 
large amounts of freshwater in ow, mainly as 
meltwaters deriving from the ice front and the 
hinterland. It was probably also connected to lake 
Krystallvatnet via an inlet.
6.3.2 The deglaciation
Although the geographical distance between 
Einstaken and Isvika 1 is only around 3 km, 
the oldest foraminiferal assemblage zone (FZ1 
and FA1) at Isvika 1 (Paper IV; Fig. 7) is com-
posed of a totally different assemblage than that 
at Einstaken. This is a result of an entirely differ-
ent palaeoenvironment at the two sites after the 
deglaciation, with much deeper waters at 
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Isvika 1 (around 150 m) than at Einstaken 
(around 20 m). Instead of Haynesina nivea, the 
dominant taxa in Isvika 1 are Elphidium exca-
vatum forma clavata and Cassidulina reniforme, 
representing a glacier-proximal environment, 
which is in uenced by an in ow of open-ocean 
bottom waters, as indicated by the presence of 
Nonionellina labradorica. In addition, the pres-
ence of Stainforthia loeblichi indicates deposi-
tion close to the glacier front with seasonal sea-
ice cover (Steinsund 1994). The appearance of 
Cibicides lobatulus towards the top of the as-
semblage zone coincides with a change of the 
sediment from clay-rich to silty-clay (Fig. 7). 
Assemblages like this have been described by 
Salvigsen & Nydal (1981) and lubowska et al. 
(2005) in a core from Hinlopenrenna, which al-
so contained rich foraminiferal assemblages that 
showed a transition from glaciomarine to open 
marine conditions during deglaciation. 
6.3.3 The early Holocene
FZ2 and FA2 in Isvika (Paper IV; Fig. 7) are 
characterized by a marked decrease in Elphid-
ium excavatum forma clavata between approxi-
mately 10 000 and 7500 cal. years BP. A simi-
lar decrease has been described in a study by 
lubowska-Woldengen et al. (2007) in core sam-
ples from the mouth of Hinlopenstretet and from 
the continental shelf west of Spitsbergen, as well 
as by Skirbekk et al. (2010) from Kongsfjor-
drenna. They attribute the decrease in Elphid-
ium excavatum forma clavata to the ceasing in-
 uence of the glaciers on the surrounding water 
masses due to a major reduction in the size of 
the glaciers, and a continuous increase in water 
temperatures caused by the in ow of relatively 
warm Atlantic Water, as well as high insolation 
levels at that time (Berger 1978). In assemblage 
zone FZ2/FA2, this interpretation is supported 
by an observed increase of Nonionellina lab-
radorica, which thrives in open-ocean bottom 
waters (Hald et al. 1994). This observation is 
further supported by increasing abundance of 
Islandiella helenae, which is also a species re-
quiring high-arctic open-ocean conditions with 
stable salinity (Korsun et al. 1995). The high 
abundance of Cibicides lobatulus indicates an 
increase in bottom current strength. This is in 
accordance with the interpretation of a decrease 
in glacier- induced transport of  ne sediment to 
the depositional area and a resulting change to 
more coarse grained sediment. The assemblage 
is characterized by a species composition, which 
is indicative of glacier-distal open-marine condi-
tions and an increased nutrient supply to the area 
(cf. Steinsund 1994). During deposition of FZ2/
FA2, the waterdepth decreased from approxi-
mately 140 to 110 m.
Towards the top of assemblage FZ2/FA2 an 
increase of Elphidium excavatum forma clavata, 
Buccella frigida/tenerrima, Nonionellina labra-
dorica and Islandiella helenae can be observed. 
This increase is the culmination of the faunal 
trend in zone FA3, caused by a return to more 
severe climatic conditions.
The Elphidium albiumbilicatum foraminiferal 
assemblage (A4) from Log 2 (Paper II; Fig. 5) 
in the coastal section indicates a shallow water 
environment with a reconstructed water depth 
of around 50 m (pers. comm. Seija Kultti 2011). 
This zone was deposited contemporaneously 
with the lower part of FZ2/FA2 in the Isvika 
core. The compositions of A4 and FZ2/FA2 do 
not differ much from each other, except for the 
relatively higher abundance of Elphidium albi-
umbilicatum in A4, which is most likely due to 
the lower water depth during deposition.
6.3.4 A glacial re-advance
Assemblage zone FA3 (Fig. 7) in the Isvika core 
(part of FZ3 and FZ4; Paper IV) is marked by a 
decrease in Cibicides lobatulus, which coincides 
with an observed lithological change from coarse 
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Assemblages Paper Environments Water depth Stratigraphical
correlation
Restricted connection
to open ocean waters
Reduced salinity
Glacier-distal
High-energy environment
Reduced nutrient supply
High faunal diversity
F 4A unpubl. data ca. 103-110 m
Mid- and late
Holocene
FZ5 & FZ6 IV
A5 II
F 3A
F 3 & FZ4Z
unpubl. data
IV
Unstable, extremely cold
environmental conditions
Glacier-proximal
Increased fresh-water
inflow
High nutrient supply
Decreased faunal diversity
ca. 110-115 m
Glacial re-advance
(ca. 7430 cal. BP)
F 2A
FZ2
A4
unpubl. data
IV
II
High-arctic
Open ocean connection
Stable salinity
Relatively stable environment
Glacier-distal
Inner shelf
High-energy environment
Increased nutrient supply
Increased faunal diversity
ca. 140-110 m
Early Holocene
F 1A
F 1Z
unpubl. data
IV
Late Weichselian
to Holocene
transition
Deglaciation
around 50 m
around 150 m
maximal 20 mFo 1-4 III
Glacier-proximal
Open-ocean connection
Low faunal diversity
Seasonal sea-ice
High-arctic
Shallow water conditions
Extreme marine environ-
mental conditions
Fluctuating salinities
A3 II
Middle Weichselian
Glacier-distal
Inner shelf
Open ocean connection
High-energy environment
Relatively stable salinity
A1 & A2 II
Early Weichselian
Glacier-distal
Inner shelf
Open ocean connection
High-energy environment
Stable salinity
High foraminiferal productivity
around 3-10 m
Table 3. Stratigraphical correlation and environmental interpretation of the foraminiferal assemblages from 
Papers I-IV and the previously unpublished material in Murchisonfjorden, Nordaustlandet.
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sands to a clayey diamicton (Salonen et al. sub-
mitted). A coinciding marked increase of Buccel-
la frigida/tenerrima in FA3 is probably caused by 
an increased freshwater in ow during the glacial 
re-advance (cf. Polyak et al. 2002) connected to 
an increase in nutrient supply, as also supported 
by the continuous presence of Astrononion gal-
loway. This latter species has been observed in 
recent samples in the Barents Sea by Wilson et 
al. (2011) in areas with strong bottom currents 
and increased nutrient supply. In the present time 
interval, the opportunistic taxon Elphidium exca-
vatum forma clavata is very abundant, which is in 
accordance with the observations by lubowska-
Woldengen et al. (2007) from the same interval 
in Hinlopenstretet. 
The change to a colder climate during this 
time interval was probably a result of a lower-
ing of the insolation in the arctic (Berger 1978). 
In the Murchisonfjorden area, the cooling led to 
a re-growth of a local glacier, presumably relat-
ed to the ice-cap on Nordaustlandet, and depo-
sition of a glacial diamicton in the bay within 
a short time period. Also Alexandersson et al. 
(2011) recorded a local glacial advance at Brøg-
gerhalvøya, which they placed in the Holocene, 
based on its stratigraphic position because of a 
lack of data.
6.3.5 Mid and late Holocene cooling
Assemblage zones FZ5 & FZ6 (Paper IV), FA4 
from Isvika 1 (Fig. 7) and A5 from the coastal 
cliffs of Isvika (Fig. 5) suggest  a cool climate for 
the mid and late Holocene, as is indicated by a 
continuously high abundance of Cassidulina re-
niforme and Elphidium excavatum forma clavata 
in the core record (Fig. 7). Similar observations 
of continuously high abundance of Elphidium 
excavatum forma clavata in the mid- and late 
Holocene have been reported by Skirbekk et al. 
(2011) from Kongsfjordrenna and by lubowska 
et al. (2005) and ubowska-Woldengen et al. 
(2007) in Hinlopenstretet. The gradual increase 
in Cibicides lobatulus throughout FA4 suggests 
a strengthening of the bottom current in the area. 
This is also supported by the continuous pres-
ence of Astrononion gallowayi, which is known 
to occur, often together with Cibicides lobatulus, 
in areas with strong bottom-water currents and 
stable salinity (Rytter et al. 2002). 
A reduction of Nonionellina labradorica can 
be ascribed to a decrease in the in ow of Atlan-
tic water masses from the open ocean caused by 
the isostatic uplift of the area and the resulting 
changes in the palaeogeography of Murchisonfj-
orden. A gradual decrease of Buccella frigida/
tenerrima towards the top of the record might 
be an indication of a reduction of the nutrient 
supply and for less stable salinity conditions (cf. 
Haynes 1973). 
The continuous presence of Stainforthia loe-
blichi indicates the occurrence of seasonal sea- 
ice during the entire Holocene. 
The occurrence of Haynesina nivea in rela-
tive high abundance at this time interval (FA4) 
is dif cult to understand. Previously, Haynesina 
nivea has only been observed in shallow wa-
ters with  uctuating salinity in Scoresby Sund 
fjord in East Greenland by Madsen and Knudsen 
(1994), from Holocene sediments on Edgeøya 
(Hansen and Knudsen 1995) and in the assem-
blages from Lake Einstaken (Paper III). An im-
proved knowledge of the present distribution and 
ecological requirements of Haynesina nivea is 
needed in order to interpret the presence of this 
species in these deeper water environments of 
the Isvika record. 
The water depth during the deposition of A5 
was around 3-10 m, which is indicated by sed-
imentological interpretation as foreshore sedi-
ments. In contrast to this the deposition depth 
for FA4/ FZ5 & FZ6 was between 103-110 m. 
During most of the mid- and late Holocene, the 
sea level in the Bay of Isvika was  uctuating, 
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and it was most likely several meters below the 
present sea level. 
7. Conclusions
• The study area of Murchisonfjorden  
was free of ice during the Early 
Weichselian (Phantomodden interstadial), 
the Middle Weichselian (Kapp Ekholm 
interstadial) and the Late Weichselian, 
as well as during the Holocene.
• The terrestrial record shows that tills 
from three glacial episodes (Early, 
Middle and Late Weichselian) are 
interlayered with well-sorted marine 
sands and gravels, which have 
been used for age determinations 
to provide a time framework.
• Multiple generations of glacial striae on 
bedrock and the presence of a complete 
Weichselian stadial-interstadial sequence, 
as well as deeply weathered bedrock, 
are indications that glacial erosion 
in the study area has been weak. 
• The ice-free periods were characterized 
by high sea level stands and deposition 
of shallow-marine sediments, which 
contain abundant fossil mollusc shells 
and rich benthic foraminiferal faunas
• The benthic foraminiferal assemblages 
are dominated by arctic taxa, but 
the occasional occurrence of sub-
arctic or transitional species indicates 
warmer conditions at times.
• The composition of the foraminiferal 
assemblages is strongly in uenced by 
local factors, which has particularly 
been demonstrated for the Holocene, 
but regional oceanographic 
changes, as well as changes in the 
insolation, are also re ected.
• The composition of the foraminiferal 
assemblages in the Isvika Bay area 
re ects the changes from marine 
deposition in a glacier-proximal 
open bay environment, which was 
interrupted by a glacial re-growth at 
around 7000 cal. BP, to a glacier-distal 
environment and a gradual cooling 
during the mid- and late Holocene.
• There is foraminiferal faunal indication 
of isostatic uplift of the Murchisonfjorden 
area after the Last Glacial Maximum. 
This is seen as a change from an open 
fjord environment to a more enclosed 
fjord environment towards the present-
day conditions with several islands, 
which are limiting the in ow of water 
masses from Hinlopenstretet.
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